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(54) 

(57) A catalyst composition comprising (a) an iron- 
containing compound, (b) an organomagnesium com- 
pound and (c) a dihydrocarbyl hydrogen phosphite is 
disclosed for polymerizing 1 ,3-butadiene into syndiotac- 
tic 1,2-polybutadiene. The use of the catalyst composi- 
tion of this disclosure avoids the use of environmentally 
detrimental components such as carbon disulfide and 
halogenated solvents. The melting temperature of the 
syndiotactic 1,2-polybutadiene can be varied from 
about 100 to about 190 °C by variations in the catalyst 
components and the component ratios. The ability to 
vary the melting temperature with a single catalyst com- 
position is very desirable. The syndiotactic 1,2-polyb- 
utadiene can be used as a plastic or as an additive for 
rubber compositions wherein it can crosslink with con- 
ventional rubbers using conventional crosslinking 
agents. 
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Description 



fifi n OF INVENTION 

tional rubbers due to its residual unsaturation. 
, 0 pfto^pni imp OF THF INVENTION 

[0 00 2] Syndiota^ct^tadieneisa^ 

carbon^aroon bonds. Syndiotacfcc^ . films fibers and molded articles can 

utilization. _ tems on coba |t ( titanium, vanadium, chromium, and molybdenum 

^ „ cmttMd !«^^^J^^S„. eoim i„,„ a win* are «■ tamn fer ft. P no* 

escaping into the atmosphere. Furthermore, the synd.otac*c,2-p^ '^'W 00 s the olymer . 

cobalt-based catalyst systems of the prior art. rn mnn.inrfe such as iron(IM) acetylacetonate/tri- 

I0008] Coordination oataiyst systems based on |»«^ 2d poor stere- 

ethyialuminum have been » «» ?JFJ2^T%£^ -o.eou.ar weight liquid 

oselectivity for the polymerization ol M f^^^SSlbLt systems of the prior art have no industrial util- 
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ity. 

SI IMMARY OF THF INVENTION 

100091 H is an object of the present invention ^^^^^^^ ^ ^ 
peratun 
[0010] 



lu0 091 It is an object of the present invention to provide syrri.oUK^ 
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diotactic 1 ,2-polybutadiene. 
[0011] 
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DETAILED DESCRIPTIO N Q F THE IMVFMTIOM 

^ „,! SPSCifiC SXampleS °' 8111,31318 iran ^^'ates include iron(ll) formate iron(lll) formate ironrin „ro 

mmmmm 

STLnS T SP6Ci,iC f"^' 68 °' 8Ui,able ir ° n P^^tes include iron(ll) acelylacetonate iron(lll) acetvlaceto 

heptanedranate. and iron(lll) 2,2,6,6-tetramethyl-3.5-heptanedionate ^ ' r0n(ll) 2 . 2 .6.6-tetramethyl-3.5- 

•^ 0221 , m S ?!" e . S f eCi,iC exam P |es of sute b'e iron alkoxides or aryloxides include iron(ll) methoxide ironilin molhn » 
t ,T ( lf th0X,d6 ' ir ° n(,ll) * hodde - iron <"> ^We. iron(lil) isopropox.de iSSSSSS^ta^ 
ethylhexox.de. ,ron(.l> phenoxide. iron(.ll) phenoxide. iron(.l) nonylphenoxtfe, iron(,°> ^S^Zm Zt 
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thoxide. and iron(lll) naphthoxide. 

[0023] Some specific examples of suitable iron halides include iron(ll) fluoride, iron(lll) fluoride, iron(ll) chloride 
iron(lll) chloride, iron(ll) bromide, iron(lll) bromide, and iron (II) iodide. 

[0024] Some representative examples of suitable iron pseudo-halides include iron(ll) cyanide iron(IH) cyanide 
.ron(ll) cyanate. iron(lll) cyanate. iron(ll) thiocyanate. iron(lll) thiocyanate. iron(ll) azide. iron(lll) azide, and iron(lll) fer- 
rocyanide (also called Prussian blue). v ' 

[0025] As used herein, the term "organoiron compounds" refers to any iron compound containing at least one cov- 
alent iron-carbon bond. Some specific examples of suitable organoiron compounds include bis(cyclopentadienyl)iron(ll) 
(also called ferrocene). bis(pentamethylcyclopentadienyl)iron(ll) (also called decamethylferrocene), bis(pentadi- 
enyl).ron(ll), bis(2.4^methylpentadienyl)iron(ll), bis(allyl)dicarbonyliron(ll) ( (cyclopentadienyl)(pentadienyl)iron(ll) 
tetra(1-norbornyl)iron(IV). (trimethylenemethanejtricarbonylirondl), bis(butadiene)carbonyliron(0), (butadiene)tricarbo- 
ny«iron(0), and bis(cyclooctatetraene)iron(0). 

[0026] The component (b) of the catalyst composition of the present invention is an organomagnesium compound 
As used herein, the term "organomagnesium compound" refers to any magnesium compound containing at least one 
covalent magnesium-carbon bond. It is generally advantageous to employ organomagnesium compounds that are sol- 
uble in the hydrocarbon polymerization medium. Two preferred classes of organomagnesium compounds that can be 
utilized in the catalyst composition of the present invention are dihydrocarbylmagnesium compounds and hydrocarbvl- 
magnesium halides of the Grignard type. ' " 

[0027] The dihydrocarbylmagnesium compounds are represented by the general formula MgR 2 . wherein each R 
which may be the same or different, is for example, an aikyl, cycloalkyl, aryl, aralkyl, alkaryl or allyl group; each group 
preferably containing from 1 . or the appropriate minimum number of carbon atoms (often 3 or 6) to form such group up 
to 20 carbon atoms. Some specific examples of suitable dihydrocarbylmagnesium compounds include di ethylmagne- 
sium, di-n-propylmagnesium, diisopropylmagnesium, dibutylmagnesium, dihexylmagnesium, diphenylmagnesium and 
dibenzylmagnesium. Dibutylmagnesium is particularly preferred on the grounds of availability and solubility. 
[0028] The hydrocarbylmagnesium halides of the Grignard type are represented by the general formula RMgX 
wherein R is a hydrocarbyl group such as exemplified above and X is fluorine, chlorine, bromine or iodine Specific 
examples of suitable hydrocarbylmagnesium halides include methylmagnesium chloride, methylmagnesium bromide 
methylmagnesium iodide, ethylmagnesium chloride, ethylmagnesium bromide, butylmagnesium chloride, butylmagne- 
sium bromide, phenylmagnesium chloride, phenylmagnesium bromide, and benzylmagnesium chloride. 
[0029] The catalyst composition of the present invention further comprises the component (c), which is a dihydro- 
carbyl hydrogen phosphite represented by the following keto-enol tautomeric structures: 

„ H/OR 1 OR 1 
OR 2 ^OR 2 



Wherein R andR , which may be the same or different, are hydrocarbyl radicals selected from an alkyl, cycloalkyl aryl 
aralkyl, alkaryl. and allyl group; each group preferably containing from 1 , or the appropriate minimum number of carbon 
atoms (often 3 or 6) to form such group, up to 20 carbon atoms. The dihydrocarbyl hydrogen phosphite exists mainly as 
the keto tautomer (shown on the left), with the enol tautomer (shown on the right) being the minor species. Either of the 
two tautomers or mixtures thereof can be used as the component (c) of the catalyst composition of the present inven- 
tion. The equilibrium constant for the above-mentioned tautomeric equilibrium is dependent upon such factors as the 
temperature, the types of R 1 end R 2 groups, the type of solvent, and the like. Both tautomers may be associated in 
dimeric, trimeric or oligomeric forms by hydrogen bonding. 

[0030] Some representative examples of suitable dihydrocarbyl hydrogen phosphites are dimethyl hydrogen phos- 
phite, diethyl hydrogen phosphite, dibutyl hydrogen phosphite, dihexyl hydrogen phosphite, dioctyl hydrogen phosphite, 
didecyl hydrogen phosphite, didodecyl hydrogen phosphite, dioctadecyl hydrogen phosphite. bis(2,2,2-trifluoroethyl) 
hydrogen phosphite, diisopropyl hydrogen phosphite, bis(3,3-dimethyl-2-butyi) hydrogen phosphite, bis(2,4-dimethyl-3- 
pentyl) hydrogen phosphite, di-t-butyl hydrogen phosphite. bis(2-ethylhexyl) hydrogen phosphite, dineopentyl hydrogen 
phosphite, bis(cyclopropylmethyl) hydrogen phosphite. bis(cydobutylmethyl) hydrogen phosphite, bisfcyclopentylme- 
thyl) hydrogen phosphite, bis(cyclohexylmethyl) hydrogen phosphite, dicydobutyl hydrogen phosphite, dicyclopentyl 
hydrogen phosphite, dicyclohexyl hydrogen phosphite, dimenthyl hydrogen phosphite, diphenyl hydrogen phosphite 
dinaphthyl hydrogen phosphite, dibenzyl hydrogen phosphite, bis(l-naphthylmethyl) hydrogen phosphite, diallyl hydro- 
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SCCnpCZ^ phosphite, methyl 

hydrogen phosphite, methyl ben y. hydrogen phSrt^ TSS^S^^ Ph0Sphite - me,hyl ^exyl 

phosphites may also be utilized. * ' 6 " ka M,x,ures of *• dihydrocarbyl hydrogen 

nents such as other organometallio conpoun^s S aTetfcS £35* ^ W k ^ ** ° i " r ^ ^ 

range of catalyst concentrations and catalyTcom^nSS^ 7^ , ^ ^ P 0 *""* 8 *" wi « occur over a wide 

[0033] The molar ratio of the organomaonesium comocnd f« *Jrl wmp ° nem mos - 
15 composition of the present inverZ Ji S*!?:: 00 ^ in tha catalyst 
Mg/Fe molar ratio is from about21 to about 50-1 V 1 t00:1 - However - a more preferred range of 

ratio of the dihydrocamylhyd^ 

about SO,, wiih a more BE BE* BB^SE? ^ - nb —"*-"*"0*1 to 
about 2:1 to about 10:1 . 9 * 0Ul 1 U ° *»« 25 1 and a mos * Purred range being from 



specific total catalyst concentrations cannot be d JlnffiXI^STTf temperature, and the like. Accoriingly. 
the respective catalyst component™ BEBB Bi BJ" ^ am0Urts * 

be varied from about 0.01 to about 2 mmol oer 100 o iThi*? am0L "! t ° f ,he "on-contammg compound used can 
0.02toabout1.0mmo.per,00gof1.Se^ 

per 100 g of 1 .3-butadiene. Certain specific BBBBE ^^fr 0 " 1 ^0 05 to about 0.5 mmol 
^having desired properties £ be -^^^^^^Z^T^ZZ 

^rnixtureineilheras^ 

wrse manner is not critical but the components aSS £T components are added in a step- 

i™-containing compound, and final^ 

may also be premixed outside the BBfan P A" 6 ™^ 1 * the catalyst components 

about 80 -C), and ft.r«ito,BBBB£ *" "T™ ,emDerature <*0- Tom about -20 °C to 
preformed, that is. the three BBBS mS^T^ *** ™> 3,80 b * 

monomer at an appropriate ^^T^^^^ c l^^^ ^ T * 1 • 3 - bU * adiene 
portion of the monomer/solvent mixture that is to be ™ZwLh tL 5' P ° r to be,ng cto » ed to 1,16 main 

be used for the catalyst preforming can ^^SSSTS^^TT 1 ' 3 - butadiene corner which may 
pound, and preferably should beiaCfto^ 

the three catalyst components may also be irfrBS to tnTnlm 1? r ^J 0 ™ 01 *™^ compound. In addition, 
procedure involves first reacting the iwBBBBSE^ ^ USing a P roc «*ure. This 

of a small amount, as specified I above of BBBBJ? Or9anoma 9 nesiuni compound in the presence 
•C to about 80 The resultant reaction mix^7^h^. I ^P" 316 temperature (e.g.. from about -20 
portion of the mono,™/S^^ 

procedure may aiso be employed. vJ^^^S^T^r^' FUrth6r ' an alterna,ive ^-stage 
hydrogen phosphite at an appropriate BB fe B?J! .^S^ 9 COmpOUnd with ^oca^\ 
followed by adding the resulSX BBS toe ' 2 ° ° ,0 tbM 80 ° C) t0 form an iro " complex 
either a stepwise or simultaneous manner -a^magnesium compound to the monomer/solvent mixture in 

St compTe^ system, the organic solvent usable tor the 

hydrocarbons, and mixtures of two or more of ZIZ^S^^ h * rocart *» and cycloaliphatic 

utadiene. Hence, the U^BtoBl nBE ^ ** *" Pf0dUCti ° n °* ^'otactic 1.2-polyb- 

use of the above-described BS BBSST"" ** Pr0dUCin9 1 - 2 ^u1ad^ * *• 

10038, ™ a P^ofsynd^ 
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practice by polymerizing 1 ,3-butadiene monomer in the presence of an iron-based catalyst composition comprising the 
foregoing three catalyst components (a), (b). and (c). As described above, there are available a variety of methods for 
bringing the three components of the catalyst composition of the present invention into contact with 1 ,3-butadiene mon- 
omer. 

[0039] In accordance with the process of the present invention, the polymerization of 1 ,3-butadiene monomer may 
be carried out by means of bulk polymerization, wherein no solvents are employed. Such bulk polymerization can be 
conducted either in a condensed liquid phase or in a gas phase. 

[0040] Alternatively and more typically, the polymerization of 1 ,3-butadiene according to the process of the present 
invention is carried out in an organic solvent as the diluent. In such cases, a solution polymerization system may be 
employed in which both the 1 ,3-butadiene monomer to be polymerized and the polymer formed are soluble in the 
polymerization medium. Alternatively, a suspension polymerization system may be employed by choosing a solvent in 
which the polymer formed is insoluble. In both cases, an amount of the organic solvent in addition to the organic solvent 
contained in the catalyst component solutions is usually added to the polymerization system. The additional organic 
solvent may be either the same as or different from the organic solvent contained in the catalyst component solutions. 
It is normally desirable to select an organic solvent that is inert with respect to the catalyst composition employed to cat- 
alyze the polymerization reaction. Suitable types of organic solvents that can be utilized as the diluent include, but are 
not limited to. aliphatic, cycloaliphatic. and aromatic hydrocarbons. Some representative examples of suitable aliphatic 
solvents include n-pentane, n-hexane, n-heptane, n-octane, n-nonane, n-decane, isopentane, isohexanes, isohep- 
tanes, isooctanes, 2,2-dimethylbutane, petroleum ether, kerosene, petroleum spirits, and the like. Some representative 
examples of suitable cycloaliphatic solvents include cydopentane, cyclohexane. methylcyclopentane, methylcyclohex- 
ane, and the like. Some representative examples of suitable aromatic solvents include benzene, toluene, xylenes, ethyl- 
benzene, diethyibenzene. mesitylene, and the like. Commercial mixtures of the above hydrocarbons may also be used. 
For environmental reasons, aliphatic and cycloaliphatic solvents are highly preferred. 

[0041] The concentration of the 1 ,3-butadiene monomer to be polymerized is not limited to a special range. How- 
ever, generally, it is preferable that the concentration of the 1,3-butadiene monomer present in the polymerization 
medium at the beginning of the polymerization be in a range of from about 3% to about 80% by weight, but a more pre- 
ferred range is from about 5% to about 50% by weight, and the most preferred range is from about 1 0% to about 30% 
by weight. 

[0042] In performing the polymerization of 1,3-butadiene according to the process of the present invention, a 
molecular weight regulator may be employed to control the molecular weight of the syndiotactic 1 ,2-polybutadiene to be 
produced. As a result, the scope of the polymerization system can be expanded in such a manner that it can be used 
for the production of syndiotactic 1 ,2-polybutadiene ranging from an extremely high molecular weight polymer to a low 
molecular weight polymer. Suitable types of molecular weight regulators that can be utilized include, but are not limited 
to, accumulated diolefins such as allene and 1 ,2-butadiene; nonconjugated diolefins such as 1 ,6-octadiene, 5-methyl- 
1,4-hexadiene, 1 ,5-cyclooctadiene, 3.7-dimethyl-1 ,6-octadiene. 1 ,4-cyclohexadiene, 4-vinylcyclohexene. 1,4-pentadi- 
ene, 1 ,4-hexadiene, 1 ,5-hexadiene, 1 ,6-heptadiene, 1 ,2<Jivinylcyclohexane, 5-ethylidene-2-norbornene. 5-methylene- 
2-norbornene. 5-vinyl-2-norbornene, dicyclopentadiene, and 1 ,2,4-trivinylcyclohexane; acetylenes such as acetylene, 
methylacetylene and vinylacetylene; and mixtures thereof. The amount of the molecular weight regulator used, 
expressed in parts per hundred parts by weight of the 1,3-butadiene monomer (phm) employed in the polymerization, 
is in the range of about 0.01 to about 10 phm, preferably in the range of about 0.02 to about 2 phm, and most preferably 
in the range of about 0.05 to about 1 phm. In addition, the molecular weight of the syndiotactic 1 ,2-polybutadiene prod- 
uct to be obtained can also be effectively controlled by conducting the polymerization of the 1 ,3-butadiene monomer in 
the presence of hydrogen. In this case, the partial pressure of hydrogen is appropriately chosen within the range of 
about 0.01 to about 50 atmospheres. 

[0043] In accordance with the process of the present invention, the polymerization 1 ,3-butadiene may be earned 
out as a batch process, on a semi -continuous basis, or on a continuous basis. In any case, the polymerization is desir- 
ably conducted under anaerobic conditions using an inert protective gas such as nitrogen, argon or helium, with mod- 
erate to vigorous agitation. The polymerization temperature employed in the practice of this invention may vary widely 
from a low temperature, such as -10 °C or below, to a high temperature such as 100 °C or above, with a preferred tem- 
perature range being from about 20 °C to about 90 °C. The heat of polymerization may be removed by external cooling, 
cooling by evaporation of the 1 ,3-butadiene monomer or the solvent, or a combination of the two methods. Although the 
polymerization pressure employed in the practice of this invention also may vary widely, a preferred pressure range is 
from about 1 atmosphere to about 10 atmospheres. 

[0044] The polymerization reaction of the present invention, on reaching a desired conversion, can be stopped by 
addition of a known polymerization terminator into the polymerization system to inactivate the catalyst system, followed 
by the conventional steps of desolventization and drying as are typically employed and are known to those skilled in the 
art in the production of conjugated diene polymers. Typically, the terminator employed to inactivate the catalyst system 
is a protic compound, which includes, but is not limited to, an alcohol, a carboxylic acid, an inorganic acid, and water or 
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a combination thereof. An antioxidant such as 2,6-di-terf-butyl-4-methylphenol may be added along with, befor or after 
addition of the terminator. Th amount of the antioxidant employed is usually in the range of 0.2% to 1 % by weight of 
the polymer product. When the polymerization reaction has been stopped, the syndiotactic 1 ,2-polybutadi n product 
may be isolated from th polymerization mixture by precipitation with an alcohol such as methanol, ethanol, or isopro- 
5 panol or by steam distillation of the solvent and the unreacted 1 ,3-butadiene monomer, followed by filtration. The prod- 
uct is then generally dried under a constant vacuum at a temperature within the range of about 25 °C to about 100 °C 
(preferably at about 60 °C). 

[0045] The syndiotactic 1 ,2-polybutadiene made utilizing the catalyst composition of the present invention can have 
various melting temperatures, which are dependent upon the catalyst components and the component ratios. Desirably. 
10 the melting temperature varies from about 100 to about 190 °C, more desirably from about 1 10 to about 180 °C, and 
preferably from about 120 to about 170 °C. The 1,2-linkage content is desirably from about 70 to about 90%. The syn- 
diotacticity is desirably from about 60 to about 80%. 

[0046] The syndiotactic 1 ,2-polybutadiene made utilizing the catalyst composition of the present invention has 
many uses. It can be blended with various rubbers in order to improve the properties thereof. For example, it can be 

75 incorporated into elastomers in order to improve the green strength of those elastomers, particularly in tires. The sup- 
porting carcass (reinforcing carcass) of tires is particularly prone to distortion during tire building and curing procedures. 
For this reason the incorporation of the syndiotactic 1 ,2-polybutadiene into rubber compositions, which are utilized in 
the supporting carcass of tires, has particular utility in preventing or minimizing this distortion. In addition, the incorpo- 
ration of the syndiotactic 1 ,2-polybutadiene into tire tread compositions can reduce the heat build-up and improve the 

20 wear characteristics of tires. The syndiotactic 1 ,2-polybutadiene product is also useful in the manufacture of food films 
and in many molding applications, 

[0047] The practice of the present invention is further illustrated by reference to the following examples which how- 
ever, should not be construed as limiting the scope of the invention. Parts and percentages shown in the examples are 
by weight unless otherwise indicated. 

25 

Example 1 

[0048] An oven-dried 1 -liter glass bottle was capped with a self-sealing rubber liner and a perforated metal cap and 
purged with a stream of dry nitrogen. The bottle was charged with 66 g of hexanes and 184 g of a 1 ,3-butadiene/hex- 

30 anes blend containing 27.2% by weight of 1,3-butadiene. The following catalyst components were added to the bottle 
in the following order: (1) 0.60 mmol of dibutylmagnesium, (2) 0.10 mmol of iron(lll) acetylacetonate, and (3) 0.50 mmol 
of bis(2-ethylhexyl) hydrogen phosphite. The bottle was tumbled for 5 hours in a water bath maintained at 50 °C. The 
polymerization was terminated by addition of 10 ml of isopropanol containing 0.5 g of 2,6-di-ferf-butyl-4-methylphenol. 
The polymerization mixture was added into 3 liters of isopropanol. The polymer was isolated by filtration and dried to a 

35 constant weight under vacuum at 60 °C. The yield of the polymer was 48.0 g (96%). As measured by differential scan- 
ning calorimetry (DSC), the polymer had a melting temperature of 163 °C. 1 H and 13 C nuclear magnetic resonance 
(NMR) analysis of the polymer indicated a 1,2-linkage content of 80.3% and a syndiotacticity of 70.6%. As determined 
by gel permeation chromatography (GPC), the polymer had a weight average molecular weight (MJ of 468.000, a 
number average molecular weight (MJ of 215,000. and a polydispersity index (MJMJ of 2.2. The monomer charge, 

40 the amounts of catalyst components and the properties of the resultant syndiotactic 1 ,2-polybutadiene are summarized 
in Table I. 

Examples 2-6 

45 [0049] In Examples 2-6, the procedure in Example 1 was repeated except that the catalyst ratio was varied as 
shown in Table I. The monomer charge, the amounts of catalyst components, and the properties of the resultant syndi- 
otactic 1 ,2-polybutadiene produced in each example are summarized in Table I. 



55 



Example No. 


1 


2 


3 


4 


5 


6 


Hexanes 


66 


66 


66 


66 


66 


66 


27.2% 1,3-Bd/hexanes (g) 


184 


184 


184 


184 


184 


184 


MgBu 2 (mmol) 


0.60 


0.40 


0.50 


0.70 


0.80 


0.50 


Fe(acac) 3 (mmol) 


0.10 


0.10 


0.10 


0.10 


0.10 


0.10 
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Table I (continued) 



Exampl No. 


1 


2 


3 


4 


5 


! 6 




a ca 


A CA 


A CA 


0.50 


0.50 


0.20 


Fe/Mg/P molar ratio 


1:6:5 


1:4:5 


1:5:5 


1:7:5 


1:8:5 


1:5:2 


Polymer yield (%) after 5 hr at 50 °C 


96 


92 


95 


91 


76 


94 


Melting point (°C) 


160 


162 


163 


164 


162 


162 


Mw 


468,000 


496,000 


549,000 


582,000 


397,000 


396,000 


M n 


215,000 


255,000 


306,000 


278,000 


186,000 


186.000 


Mw/M n 


2.2 


2.0 


1.8 


2.1 


2.1 


2.1 



75 Examples 7-10 

[0050] In Examples 7-10, the procedure in Example 1 was repeated except that dineopentyl hydrogen phosphite 
was substituted for bis(2-ethylhexyl) hydrogen phosphite, having the catalyst ratio varied as shown in Table II. The mon- 
omer charge, the amounts of catalyst components, and the properties of the resultant syndiotactic 1 ,2-polybutadiene 
20 produced in each example are summarized in Table II. 



Table II 



| Example No. 


7 


8 


9 


10 


I Hexanes 


66 


66 


66 


66 


27.2%1,3-Bd/hexanes(g) 


184 


184 


184 


184 


MgBu 2 (mmol) 


0.50 


| 0.60 


0.70 


0.80 


Fe(acac) 3 (mmol) 


0.10 


0.10 


0.10 


0.10 


HP(0)(OCH 2 CMe 3 ) 2 (mmol) 


0.50 


0.50 


0.50 


0.50 


Fe/Mg/P molar ratio 


1:5:5 


1:6:5 


1:7:5 


1:8:5 


Polymer yield (%) after 5 hr at 50 °C 


93 


95 


97 


95 


Melting point (°C) 


125 


143 


167 ; 


165 


M w 


735,000 


730.000 


643.000 


504,000 


M n 


411,000 


356,000 


308,000 


260,000 


MJM n 


1.8 


2.1 


2.1 


1.9 



Examples 11-14 

45 [0051 ] In Examples 1 1 -14. a series of polymerization experiments were carried out to demonstrate the usefulness 
of 1 ,2-butadiene as a molecular weight regulator. The procedure is essentially identical to that described in Example 1 
except that various amounts of 1 ,2-butadiene were added to a polymerization bottle containing the 1 ,3-butadiene mon- 
omer solution before addition of the catalyst components. The monomer charge, the amount of 1 ,2-butadiene. the 
amounts of catalyst components, and the properties of the resultant syndiotactic 1 ,2-polybutadiene produced in each 

so example are summarized in Table III. 



Table III 



Example No. 


11 


12 


13 


14 


Hexanes 


66 


66 


66 


66 


27.2% 1,3-Bd/hexanes (g) 


184 


184 


184 


184 



8 



10 



15 



25 



30 



35 



40 



45 
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Table III (continued) 



Example No. 


11 


12 


13 


14 


1 ,2-Butadiene (phm) 


0 


0.10 


0.20 


0.30 


MgBu 2 (mmol) 


0.60 


0.60 


0.60 


0.60 


Fe(acac) 3 (mmol) 


0.10 


0.10 


0.10 


0.10 


HP(0)(OCH 2 CH(Et)(CH2)3CH3)2 (mmol) 


0.50 


0.50 


0.50 


0.50 


Fe/Mg/P molar ratio 


1:6:5 


1:6:5 


1:6:5 


1:6:5 


Polymer yield (%) after 5 hr at 50°C 


96 


92 


84 


47 


Melting point (°C) 


163 


164 


162 


159 


M w 


510.000 


417,000 


400,000 


263,000 


M n 


247,000 


210,000 


203.000 


81,000 




2.1 


2.0 


2.0 


i7 \ 



[0052] Although the present invention has been described in the above examples with reference to particular 
20 means, materials and embodiments, it would be obvious to persons skilled in the art that various changes and modifi- 
cations may be made, which fall within the scope claimed for the invention as set out in the appended claims. The inven- 
tion is therefore not limited to the particulars disclosed and extends to all equivalents within the scope of the claims. 



Claims 

1 . A catalyst composition comprising: 

a) an iron-containing compound; 

b) an organomagnesium compound; and 

c) a dihydrocarbyi hydrogen phosphite. 

2. The catalyst composition of claim 1 wherein the iron of said iron-containing compound has an oxidation state of 0, 
+2, +3, or +4. 

3. The catalyst composition of any of claims 1 to 2 wherein said iron-containing compound comprises an iron carbox- 
ylate, iron p-diketonate, iron alkoxide, iron aryloxide, iron halide, iron pseudo-halide, or organoiron compound. 

4. The catalyst composition of any of claims 1 to 3 wherein said dihydrocarbyi hydrogen phosphite has the keto-enol 
tautomeric structure 



H — P: 



OR 1 
OR 2 



HO— P 



•OR 1 
OR 2 



50 



55 



wherein R 1 and R 2 are independently selected from an alkyl group having 1 to 20 carbon atoms, an allyl or 
cycloalkyl group having 3 to 20 carbon atoms, or an aryl, aralkyl, or alkaryl group having 6 to 20 carbon atoms. 

5. The catalyst composition of any of claims 1 to 4 wherein said organomagnesium compound has the formula MgR 2 
or RMgX, where each R individually is an alkyl group having 1 to 20 carbon atoms, an allyl or cycloalkyl group hav- 
ing 3 to 20 carbon atoms or an aryl, aralkyl, or alkaryl group having 6 to 20 carbon atoms, and X is a halogen. 

6. The catalyst composition of any of claims 1 to 5 wherein the molar ratio of said dihydrocarbyi hydrogen phosphite 
to said iron-containing compound is from 1 :1 to 25:1 . 
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7. The catalyst composition of any of claims 1 to 6 wherein th molar ratio of said organomagnesium compound to 
said iron-containing compound is from about 2:1 to about 50:1. 

8. The catalyst composition of any of claims 1 to 5 wherein the molar ratio of said dihydrocarbyl hydrogen phosphit 
to said iron-containing compound is from 0.5:1 to 50:1 and the molar ratio of said organomagnesium compound to 
said iron-containing compound is from 1:1 to 100:1 . 

9. A process for forming syndiotactic 1 ,2-polybutadiene comprising polymerizing 1 ,3-butadiene in the presence of a 
catalytically effective amount of the catalyst composition of any of claims 1 to 8, optionally in the presence of a 
molecular weight regulator. 

10. The process of claim 9 wherein at least one of the following is true: 

the iron-containing compound is present in an amount from 0.01 to 2 mmol per 100 g of said 1 ,3-butadiene, 
and 

said syndiotactic 1 ,2-polybutadiene has 

1) a melting temperature from about 1 10° to about 180°C, 

2) a 1 ,2-linkage content from about 70% to about 90%, and 

3) a syndiotacticity from about 60% to about 80%. 
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